ABSTRACT
INTRODUCTION
Dental implants are assumed to be more susceptible to occlusal overloading compared with natural teeth due to the absence of periodontal ligaments, which have a shock-absorbing function. 1, 2 Occlusal overloading is considered a potential cause of peri-implant bone loss and implant prosthesis failure 3, 4 and may result in mechanical complications, such as screw loosening, screw fracture, prosthesis fractures, and fracture of veneering materials. 5, 6 It has been demonstrated that in the presence of inflammation, overloading exacerbates plaque-induced bone resorption around implants. [7] [8] [9] [10] Dental implants also exhibit low proprioceptive feedback and low tactile sensitivity due to the absence of periodontal mechanoreceptors. 11, 12 Therefore, due to the weaker protective mechanism in dental implants, it
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seems that the occlusion concepts for implant-supported prostheses must be modified to reduce the occlusal forces and offer some protection.
The mean values of vertical displacement of natural teeth are 25 to 100 µm, while the range of axial movement of dental implants is approximately 3 to 5 µm. 3, 13 Due to this mobility difference between implants and teeth, the concept of implant-protective occlusion (IPO) proposes that occlusal contacts should be examined with patients in light and heavy occlusion when the natural teeth and implants are in the same jaw. No contact at heavy occlusion and light contact at light occlusion are considered to have an equal distribution of occlusal forces on teeth and implant. [14] [15] [16] Although this proposition is practical in the clinical setting, the stability of the provided occlusal contacts is questionable. Implant-opposing natural teeth are likely to move, and, consequently, cause changes in the provided occlusal contacts over time, which in turn can potentially contribute to noxious forces. Dario 17 reported that in 50% of studied patients, the occlusion of implant-supported fixed prostheses changed within 18 months after placement. Most of the changes occurred within the first 6 months after prostheses insertion. However, no further longitudinal clinical studies have been found regarding the occlusal changes in implantsupported fixed prostheses. The assessment of occlusal changes requires a method that can quantitatively measure the occlusal contacts at different intervals. None of the conventional methods, such as the use of articulation paper, shim-stock foil, and impression waxes were able to quantify occlusal contacts. Studies found no scientific correlation between the articulation paper mark size and the amount of applied force, which demonstrates the inadequacy of articulation paper in interpreting the occlusal load. [18] [19] [20] First introduced in 1987, T-Scan (Tekscan, Inc., South Boston, MA, USA) is a computer-assisted dental occlusion analyzer, i.e., able to record quantifiable relative occlusal force and contact time sequencing in real time. 18, 21, 22 A vast body of evidence supports the acceptable accuracy of computerized occlusal analysis as an occlusal indicator. 18, [21] [22] [23] [24] The aim of this study was to evaluate postinsertion posterior single-implant restoration occlusion changes at different intervals using the T-Scan III computerized occlusal analysis system. The null hypothesis was that the occlusion developed at placement of single implantsupported prostheses opposed by natural teeth would not change over time.
MATERIALS AND METHODS
This prospective cohort investigation was conducted in the Department of Prosthodontics, School of Dentistry, Mashhad University of Medical Sciences, Iran. The design of this study was approved by the Ethics Committee of the Vice Chancellor for Research at Mashhad University of Medical Sciences. Informed consent was obtained from all the participants. Twenty-five males and females aged 18 to 48 years who required single-implant-supported restoration in the premolar or molar region of the posterior mandible or maxilla were recruited.
The inclusion criteria were as follows: (1) Good medical and psychological health as documented by self-assessment, (2) cusp-marginal ridge occlusal arrangement, (3) presence of all teeth in the maxilla and mandible except the one which was to be replaced with an implant, (4) absence of uncontrolled or untreated periodontal disease, and (5) acceptance of further follow-up.
The exclusion criteria were as follows: (1) Inadequate bone availability, (2) severe craniomandibular disorders, (3) use of known drugs that would affect the central nervous system or neuromuscular function, (4) severe systemic diseases or known mental disorders, (5) endodontic lesions sensitive to percussion, (6) anterior open occlusion, and (7) history of bruxism.
Implants (Biohorizons, Alabama, USA) with an internal hexagon were placed according to a standard two-stage protocol. After a healing period (at least 3 months), prosthetic treatment was accomplished and cemented-retained metal-ceramic single crowns were fabricated. The prosthetic procedure was performed by an experienced prosthodontist. Impressions were taken with a polyvinyl siloxane (Panasil; Kettenbach Dental, Eschenburg, Germany) using stock trays and one-step putty/wash pick-up technique. Implant analogs were attached and the impressions were poured with type IV die stone (Herostone, Vigodent Inc., Rio de Janeiro, Brazil) according to the manufacturer's instructions. When set (120 minutes after pouring), the impressions were separated from the casts. The prefabricated titanium abutments were attached to the analogs and casts were scanned using a three-dimensional (3D) laser scanner (TRIOS, 3 Shape, Copenhagen, Denmark). The 3D designs of frameworks were developed with software. All frameworks were milled from presintered hard Co-Cr blocks (CORITEC Co-Cr disk, imes-icore GmbH, Germany) using a 5-axis milling machine (CORITEC 450i, imes-icore GmbH Im Leibolzgraben, Germany). The frameworks were checked intraorally for the accuracy of fit. The margins were inspected with a dental explorer and the internal fit was evaluated with a silicone disclosing agent (Fit Checker; GC America Inc, IL, USA). After a satisfying try-in, the occlusal surfaces of the frameworks were veneered with layering porcelain. During the porcelain try-in appointment, the proximal contacts were evaluated with waxed dental floss (Essentialfloss, Oral-B, Ireland) and articulation foil (Gnatho-Film, Dr Jean Bausch GmbH & Co., Köln, Germany).
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Occlusal contact was equilibrated in static and dynamic movement according to IPO concept. A 12 µm shim stock (PROGRESS, Dr Jean Bausch GmbH & Co., Köln, Germany) was held intraorally using Miller forceps (Hu-Friedy Mfg. Co., Chicago, Illinois, USA), and the patient was asked to occlude into the strip in maximum intercuspation position. Ability to hold the strip between opposing teeth indicated the occlusal contacts. The implant crown was then inserted again, and it was assessed whether the patients could still hold the strip between opposing teeth. A 100 µm articulating paper (PROGRESS, Dr Jean Bausch GmbH & Co., Köln, Germany) was coated with a thin layer of petroleum jelly and used to identify the location of occlusal interferences on the implant crown. Any premature contact was eliminated using fine and extra-fine diamond burs (Brasseler Komet, Lemgo, Germany). Then, a 16 µm articulating paper (Gnatho-Film, Dr Jean Bausch GmbH & Co., Köln, Germany) was used for initial implant occlusal adjustment in occlusion under light biting force. The patient was asked to lightly tap his/her teeth together through the articulation strip five times in succession. The occlusal contact was equilibrated so that the implant prosthesis would barely contact the opposing tooth, while the adjacent teeth in the arch exhibited greater occlusal contacts.
After equilibration with light bite force, the patient was asked to tap his/her teeth through the articulating paper with maximum occlusal force. The purpose of occlusion evaluation under heavy occlusal load was to ensure the contact points showed similar intensity on the implant crown and adjacent teeth. In protrusive and lateral movements, the excursive contacts on the implant prosthesis were also eliminated.
At the insertion appointment, the implant abutment screws were tightened with a torque of 35 Ncm, according to the implant manufacturer's guidelines. The restorations were intraorally validated regarding the marginal fit and proximal contact. The occlusion was controlled in both centric and lateral excursions and adjusted if necessary. Finally, all the implant crowns were cemented using temporary cement (Temp Bond, Kerr, Salerno, Italy). In case of necessary readjustments, the restoration was sent back to the laboratory for glazing and cemented on the same day.
T-Scan III Bite Recording Procedure
The occlusion was assessed using a T-Scan III computerized occlusal analysis system (Tekscan, Inc., South Boston, MA, USA) after cementation of implant crowns (baseline). This device uses a U-shaped pressure-sensitive sensor, i.e., placed intraorally between dental arches. When a patient occludes on the sensor, occlusal data are captured, processed by the related software, and the outputs are displayed as two-dimensional and 3D illustrations. The percentages of applied forces per tooth are represented as bars and columns on the same tooth in graphical displays. The width of the maxillary central incisor in each patient was measured using a digital caliper to accurately simulate the dimensions of each subject's dental arch.
According to the manufacturer's recommendation, before recording any occlusal force data, the sensitivity level of the T-Scan was adjusted to match the range of occlusal force in each individual. The correct sensitivity was selected by limiting the number of red/pink high-force columns/contacts observed on the graphical display, to a maximum of three during prerecording test conditions. The patients were then asked to occlude the recording sensor with the maximum possible bite force for 1 to 2 seconds. This procedure was repeated three times; the closure with maximum occlusal force was selected for analysis. The percentage of applied occlusal forces displayed on the implant crown and contralateral tooth was recorded.
Three and 6 months after the initial visit, occlusion in each patient was again assessed using T-Scan III according to the previously mentioned procedure (Fig. 1) . The percentage of applied occlusal force to the implant (POFI) crowns and contralateral teeth (POFT) was statistically analyzed using the Friedman test. Wilcoxon test (α = 0.05) was used to compare the POFI or POFT values when a significant difference was observed.
RESULTS
Of 25 participants, 3 were excluded due to lack of cooperation in posttreatment follow-ups, and 1 was excluded due to restorative treatments and the subsequent changes in occlusion within the 6-month study period. In the remaining 21 patients (10 females and 11 males), the implant crown was located in the first premolar (n = 13) or molar region (n = 8). The mean ± standard deviation (SD) age of patients at prosthesis insertion was 30.81 ± 8.85 years (age range = 18-48) ( Table 1) .
The mean values and SDs of POFI and POFT are presented in Table 2 . The Friedman test revealed significant differences among the POFI values obtained 0, 3, and 6 months after prosthesis placement (p < 0.001). According to Wilcoxon test, POFI values at 6-and 3-month followup appointments were significantly higher than those at prostheses insertion (p = 0.001 and p = 0.005 respectively). Significant differences were also noted between the POFI values obtained at 3 and 6 months after prostheses placement (p = 0.020).
The Friedman test demonstrated significant differences among the POFT values recorded 0, 3, and 6 months after prosthesis insertion (p < 0.001). Based on the Wilcoxon test, the POFT values at 3-and 6-month follow-up appointments were significantly lower than those at baseline (p < 0.001). However, there were no significant differences between the POFT values at 3-and 6-month follow-up (p = 0.061).
DISCUSSION
According to the results of this study, the intensity of occlusal loads applied to the implant-supported prostheses opposed by natural teeth increased gradually over time. Thus, the null hypothesis, that the occlusion developed at the placement of implant-supported prostheses would not change, is rejected.
These findings confirm the theory that teeth keep erupting as they face a resistance equal to their eruptive force. 25 The implant-opposing natural dentition continues to erupt so that appropriate contact with the The findings of this study are consistent with those observed by Dario, 17 who used T-Scan to assess the changes in occlusion of implant-supported fixed prostheses at 3-month intervals after prosthesis placement. It was reported that in 46% of patients, the occlusal load applied to implant prostheses changed within 18 months after prosthesis placement, and almost one-third of these changes took place during the first 6 months.
Although the results of this study showed that the force applied to the implant restoration increased gradually, the increase was higher in the first 3 months than in the subsequent 3 months. However, the question remains as to when this gradual increase in applied force will come to an end.
In the present study, increases in mean POFI values were accompanied by a decrease in mean POFT values in the contralateral arch (Graph 1). This finding is consistent with the result of Roque et al, 26 who demonstrated that placement of single posterior implant-supported restorations opposed by natural dentition decreased the percentage of total occlusal pressure in the contralateral arch. This indicates the unity of the whole dental arch to distribute each force, as well as the influence of each tooth on the intensity of the applied force on the other teeth in the same jaw. The IPO concept recommends light contact at heavy closure and no contact at light closure when there are implants and natural teeth in the same jaw. This concept was originally formulated based on the differences between the amount of natural teeth and implant movement. 12, 15, 16 Nevertheless, there is neither a randomized controlled trial nor a prospective study directly comparing the IPO concept and occlusion concepts recommended for natural dentition. 1 It is not even clear how much deviation from the IPO criteria can be tolerated by implant-supported prostheses. Animal studies have shown conflicting results regarding the influence of excessive occlusal load on osseointegrated dental implants. It is known that occlusal overload may lead to marginal bone loss in the presence of periimplant tissue inflammation. Nonetheless, it is unclear whether occlusal overload causes marginal bone loss in the absence of inflammation. Even in the absence of periimplant tissue inflammation, an increase in bone density was reported around the implants subjected to occlusal overload. The intensity of overload is also crucial and should be in the biologically acceptable range. However, this biological range is also unknown. [8] [9] [10] 27 In an animal study, overloading was mimicked by the excessive height of the prostheses. The results showed that in an uninflamed peri-implant environment, the threshold of excessive height of the superstructures at which bone resorption may initiate around the implants, is approximately 180 µ. 4 Wennerberg et al 28 reported a considerable divergence of the "optimal occlusion" in patients with mandibular implant-supported fixed prostheses opposed by complete dentures, which had no negative consequence on the clinical and radiographically recorded variables. It should be noted that other variables also affect the long-term occlusion stability of implant-supported prostheses. Continuous eruption of adjacent natural teeth throughout life could result in infraocclusion of dental implants in the long term. An additional effective variable is tooth wear. Natural dentition wear affects natural enamel and dentin at a far greater rate than the prosthesis veneering materials which can cause premature adverse occlusion in implant-supported prostheses. [29] [30] [31] This study is one of the few which assessed occlusion changes in implant-supported prostheses in a 6-month period. However, due to lack of patient cooperation, the study could not be continued for a longer period. One of the advantages of this study was the assessment of changes in a subject to eliminate interfering variables and the use of T-Scan for quantitative evaluation of these changes. One of the challenges in using T-Scan is that it is time consuming and requires a skilled operator. One of the limitations of T-Scan is that despite providing the percentage of force, it does not have the capacity to measure the absolute bite force.
The current study investigated one of the suggested guidelines for implants in the short term. Similar to previous studies, the results showed the necessity of periodic occlusal adjustments to prevent potential overloading from the positional changes of teeth. 1, 3, 4 There is insufficient evidence to establish clinical guidelines for implant occlusion. Thus, randomized clinical trials are needed to assess the effect of occlusion changes on the implant surrounding marginal bone and the implant components. 
CONCLUSION
Within the limitations of this study, the following conclusions were drawn:
• The intensity of occlusal contacts of implantsupported prostheses opposed by natural dentition gradually increased after prosthesis insertion • Placement of single posterior implant-supported restorations decreased the percentage of applied occlusal force to the contralateral arch.
